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$_;o|r|v=uolvblѴ-|ou i ķ-mni7bl;mvbom-Ѵ;1|ouu(t)i ķl-mo|
-Ѵ-vu;ru;v;m||_;;Ѵ;l;m|vo=x(t)
i
ķ b|vľ0;v|];vvķĿ7bu;1|Ѵĺou
;-lrѴ;ķ|_;;Ѵ;l;m|vo=x(t)
i
l-u;ru;v;m|0bol-vv;vo=bm7bb7-Ѵ
=bv_vr;1b;v-m7|_;;Ѵ;l;m|vo=u(t)
i
l-u;ru;v;m| |_;0bol-vvo=
=m1|bom-Ѵ]uorvķ=ou;-lrѴ;0bol-vvo=7;l;uv-Ѵ=bv_ĺ
);v-|_-|
=ou vol; vblѴ-|ouŊvr;1b=b1 =m1|bom fi( ⋅ )ĺ ou ;-lrѴ;ķ b= |_; ;Ѵ;-
l;m|vo=u(t)
i
-u;;Ѵ;l;m|vo=x(t)
i
ou-u;vlvo=|_ov;;Ѵ;l;m|vķr;u-
_-rvb|_vol;u;v1-Ѵbm]ķ|_;m|_;u;Ѵ-|bomv_brbvѴbm;-u
where Mibv-mni×nl-|ubĺouo|_;u;-lrѴ;vķv;;$-0Ѵ;Ƒĺ
m];m;u-Ѵķ|_;vblѴ-|ouv-u;umb|_m1;u|-bmbmr|v-m7r--
u-l;|;u-Ѵ;vĺ$_bvѴ;-7v|om1;u|-bm|bm|_;o|r|v-m7bv1ol-
lomѴhmom-vr-u-l;|;um1;u|-bm|ĺ);v-|_-|
for t∈Siķ_;u;흐ui_-v;r;1|-|bom0-m7bvv-lrѴ;7=uol-vblѴ-|ouŊ
vr;1b=b1 7bv|ub0|bom -m7 û(t)
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u
(t)
i
= û
(t)
i
+흐ui
$ ƐՊvll-uo=|_;-ub-0Ѵ;vbm
|_;;mv;l0Ѵ;lo7;Ѵĺ$_;;mv;l0Ѵ;lo7;Ѵ
bvum=out = 1  T
$ ƑՊvll-uo=|_;vblѴ-|ouvķ|_;buo|r|vv;7bm|_;1-v;v|7ķ|_;vblѴ-|ouŊvr;1b=b1=m1|bomķu(t)i = fix(t)i =Mi10x(t)i  and a 
u;=;u;m1;|o_;u;|_;r-u-l;|;um1;u|-bm|ķΣiķ-v1-Ѵ1Ѵ-|;7
"blѴ-|ou 	;v1ubr|bom |r|v Mi
!;=;u;m1;=ou
Σi
1o-|_b|_
1o"blŐő
$o|-Ѵ0bol-vvbvlo7;ѴѴ;7-|
|_;vr;1b;vѴ;;Ѵ
1) Common demersal
2) Sole
3) Monkfish etc.  
4) Sum of Poor cod and Rays and Other 
demersal fish
for t = 19912023
M1=
⎛
⎜
⎜
⎜
⎝
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 1
⎞
⎟
⎟
⎟
⎠
-1hbmvomķ
Ѵ-||vķ-u1b-ķ
-m7m-l
ŐƑƏƐѶő
lb;u $o|-Ѵ;b]_|bvlo7;ѴѴ;7bm
;b]_|1Ѵ-vv;v0vr;1b;v
1) Common demersal
2) Sole
for t = 19682100
M2=
(
1 0 0 0 0
0 1 0 0 0
) "r;m1;;|-Ѵĺ
ŐƑƏƐѵő
bv_"&v 0m7-m1;bmѴ;m]|_1Ѵ-vv;v
bvlo7;ѴѴ;70vr;1b;v
1) Common demersal
 for t = 19902098
M3= (1 0 0 0 0 ) $_bvv|7ķv;;
"rrou|bm]
bm=oul-|bom
rr;m7b
"|u-|_Ƒ bol-vvbvlo7;ѴѴ;7=ou
7b==;u;m|=m1|bom-Ѵ]uorv
1) Sum of Common demersalķSoleķMonkfish 
etc.ķPoor cod and Rays and Other demersal fish
 for t = 19832050
M4= (1 1 1 1 1 ) $_bvv|7ķv;;
"rrou|bm]
bm=oul-|bom
rr;m7b
;-mv 0m7-m1;bmѴ;m]|_1Ѵ-vv;v
bvlo7;ѴѴ;70vr;1b;v
1) Common demersal
2) Sole
3) Monkfish etc.
4) Poor cod and Rays
 for t = 20002099
M5=
⎛
⎜
⎜
⎜
⎝
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
⎞
⎟
⎟
⎟
⎠
$_our;;|-Ѵĺ
ŐƑƏƐƔő
ՊՍՊ |ՊƐƏƒƔSPENCE ET AL.
 for t>1ķ_;u;;-1_흐z,t,ibv-mbm7;r;m7;m|nŊ7bl;mvbom-Ѵu-m7ol-ub-
-0Ѵ;1;m|u;7om0b|_1o-ub-m1;Λi and Ribv-mn×nl-|ubb|_|_;
1omv|u-bm|v1_|_-|Ribvv|-0Ѵ;ķ|_-|bvlimk→∞ Rki =0. Ri and Λi7;v1ub0;
|_; 7m-lb1v o= vblѴ-|ou i  b|_Ri∼gR( ⋅ ) and Λi∼gΛ( ⋅ )ŕ =ou vol;
7bv|ub0|bomvgR and gΛĺ|t=1ķz(1)i bvv-lrѴ;7=uol|_;v|-|bom-u7bv-
|ub0|bom o= |_; -|oŊu;]u;vvb;lo7;Ѵ 7;v1ub0;7 bm t-|bomƑ Ő";;
"rrou|bm]bm=oul-|bomrr;m7b=oulou;7;|-bѴvőĺ$_bv=oulѴ-|bom
l;-mv|_-||_;;r;1|-|bomo=|_;Ѵom]Ŋum0;_-bouo=|_;bm7bb7-Ѵ
7bv1u;r-m1bv|_;Ѵom]Ŋ|;ulbm7bb7-Ѵ7bv1u;r-m1ķ|_-|bv
ƑĺƒՊ|Պ"_-u;77bv1u;r-m1
$_;v_-u;77bv1u;r-m1ķ|_;7b==;u;m1;0;|;;m|_;vblѴ-|ou1om-
v;mvvķ흁(t)ķ-m7|u|_ķy(t)ķ bvvrѴb|r bm|o|_; Ѵom]Ŋ|;ulv_-u;77bv-
1u;r-m1ķδķ-m7|_;v_ou|Ŋ|;ulv_-u;77bv1u;r-m1ķ휼(t)ķ|_-|bv
 $_; v_ou|Ŋ|;ul v_-u;7 7bv1u;r-m1 bv 7;v1ub0;7 0 - v|-|bom-u
-|oŊu;]u;vvb;lo7;Ѵo=ou7;uƐ
 for t>1ķ_;u;R
휂
bvv|-0Ѵ;-m7흐
휂,tbv-mn7bl;mvbom-Ѵu-m7ol-ub-0Ѵ;
1;m|u;7om0b|_1o-ub-m1;Δĺ|t=1ķ휼(1)bvv-lrѴ;7=uol|_;v|-|bom-
-u7bv|ub0|bomo=|_;-|oŊu;]u;vvb;lo7;Ѵ7;v1ub0;7bmt-|bomƒ
Ő";; "rrou|bm] bm=oul-|bomrr;m7b  =oulou; 7;|-bѴvőĺ $_bv =ou-
lѴ-|boml;-mv|_-||_;;r;1|-|bomo=|_;Ѵom]Ŋum0;_-bouo=|_;
v_-u;77bv1u;r-m1bv|_;Ѵom]Ŋ|;ulv_-u;77bv1u;r-m1ķ|_-|bv
ƑĺƓՊ|Պ$_;|u|_
m |_;-0v;m1;o=-mvblѴ-|ouvķourubou0;Ѵb;=v =ou |_; |u|_-|
|bl;tķy(t)ķ=oѴѴo-u-m7ol-Ѵhķ
 for t>1ķ_;u;;-1_흐
Λ,tbv1;m|u;7om0b|_1o-ub-m1;Λyĺ|t=1ķ
|_;|u|_ķy(1)ķ=oѴѴov-];m;ub1rubou7bv|ub0|bomp(y(1)).
||bl;vt∈S0ķ|_;u;-u;nymobv-m7rovvb0Ѵbm7bu;1|o0v;u--
|bomvķŵ(t)ķo=|_;|u|__b1_1ol;=uolvol;7bv|ub0|bomķp(ŵ(t)|y(t)) 
|_-|bvruo0Ѵ;lvr;1b=b1-m7bv1-v;707-|-m1;u|-bm|Őbş)ķ
ƑƏƏѵőĺ$_;;Ѵ;l;m|vo=ŵ(t)l-mo|0;|_;v-l;-v|_-|o=y(t)ķ =ou
;-lrѴ;b=o0v;u-|bomv-u;bm1olrѴ;|;ou-]]u;]-|;7ĺ);-vvl;
|_-||_;v-lrѴbm]7bv|ub0|bomo=o0v;u-|bomv7;r;m7vom|_;|u|_
|_uo]_vol;=m1|bomfy( ⋅ )ķv1_|_-|
and p(ŵ
(t)
|y(t))=p(ŵ
(t)
|w(t)).
ou;-lrѴ;ķb=w(t)bvvol;Ѵbm;-u|u-mv=oul-|bomo=y(t)ķ|_;m
where Mybv-mny×nl-|ubĺ
ƒՊ |Պ  ""$&	+
); bѴѴv|u-|;oulo7;Ѵ0 Ѵoohbm]-|-ruo0Ѵ;l_;u;-v1b;m|bv|
m;;7v|o=oul-ѴѴvll-ub;m1;u|-bmlo7;Ѵu;vѴ|vķ=ou;-lrѴ;|o
ru;v;m||oo|_;uv1b;m|bv|vou|o7;1bvbomŊl-h;uv-0o|_-|oѴ7
_-rr;m|o|_;0bol-vvo=7;l;uv-Ѵvr;1b;vbm|_;ou|_";-b==bv_-
bm];u;|ov|or1olrѴ;|;ѴbmƑƏƐƓĺ);v;o|r|v=uol=b;;1o-
vv|;lvblѴ-|ouvĹ1or-|_b|_1ovblŐĸm-lş-1hbmvomķ
ƑƏƐƔőķlb;uŐѴ-m1_-u7;|-ѴĺķƑƏƐƓőķbv_"&vŐ"r;buv;|-ѴĺķƑƏƐƏőķ
"|u-|_ƑŐ;-|_ķ"r;buvķş"|;;Ѵ;ķƑƏƐƓő-m7;-mvŐ$_our;;|-Ѵĺķ
ƑƏƐƔő Őv;; "rrou|bm] bm=oul-|bom rr;m7b  =ou lou; 7;|-bѴv
-0o||_;vblѴ-|ouvőķ-v;ѴѴ-v7-|-=uol|_;m|;um-|bom-Ѵo||ol
$u-Ѵ "u; Ő$"ő Ő" 	-|-0-v; o= $u-Ѵ "u;v Ő	$!"őķ
ƑƏƐƔőĺm|_bv;-lrѴ;ķom;o=|_;-|_ouvķķ_-v|-h;m|_bvuoѴ;ĺ
;urubou 0;Ѵb;=v -u; ;Ѵb1b|;7 -m7;ru;vv;7 -v -rubou 7bv|ub0|bom
-m7|_;rov|;ubou7bv|ub0|bom1-r|u;v_;um1;u|-bm|-0o||_;=-
|u;o=|_;;1ovv|;lbm|_bvv1;m-ubo]b;|_;u;Ѵ-|bomv_brv-lom]
|_;vblѴ-|ouv-m7o0v;u-|bomvĺ
ƒĺƐՊ|Պuorvo=vr;1b;v
$_;=b;vblѴ-|ouvu;ru;v;m|7;l;uv-Ѵ=bv_bm7b==;u;m|-vķb|_
7b==;u;m|vr;1b;vu;voѴ|bom-m71o;u-];ĺѴ|_o]_oul-bmbm|;u-
;v|bvbm7;l;uv-Ѵ=bv_1oѴѴ;1|b;Ѵķ;m;;7|ou;ru;v;m||_;v|-|;o=
|_;;1ovv|;l-|-u;voѴ|bom|_-|;m-0Ѵ;vv|oѴbmh|_;v;vblѴ-|ou
o|r|v|o];|_;uĺ
mu;ru;v;m|bm]|_;v|-|;o=|_;;1ovv|;lķ b|oѴ70;1ol-
r|-|bom-ѴѴbm;==b1b;m||o|u;-|;-1_vr;1b;vv;r-u-|;Ѵķ]b;m|_-|
;-u; bm|;u;v|;7 bm7;l;uv-Ѵ =bv_ bm-]]u;]-|;ĺ mv|;-7ķ;1-m
u;71;|_;7bl;mvbomo=|_;ruo0Ѵ;l0]uorbm]|_;vr;1b;v|o-
];|_;uĺ$_bv]uorbm]m;;7v|o_-;|_;ruor;u||_-|-mvblѴ--
|ouo|r||_-|;1-mv;1-m0;;ru;vv;7-v|_;vlo=om;ou
lou;o=ou]uorvĺ$_;]uorv7omo|m;1;vv-ubѴm;;7|o_-;
-m7bu;1|0boѴo]b1-Ѵbm|;uru;|-|bomķruob7;7|_;]uorvl;;||_;
1ub|;ubom-0o;ķ-m7-ѴѴov|ou;ru;v;m||_;t-m|b|b;vo=bm|;u-
;v|Ō_;u;ķ7;l;uv-Ѵ=bv_ķ]b;m0|_;vlo=-ѴѴ]uorvŌ|_;ru;-
1bv;1_ob1;bѴѴmo|-==;1||_;-mv;uo0|-bm;7ĺou1olr|-|bom-Ѵ
;==b1b;m1ķ;1_oov;|_;lbmbllml0;uo=]uorv|_-|l;;|v
|_bv1ub|;ubom_bѴ;1o;ubm]-ѴѴ7;l;uv-Ѵvr;1b;vĺou;-lrѴ;ķ;
]uor;7|o];|_;ulomh=bv_ķѴom]uo]_7-0ķѴ;lomvoѴ;-m7b|1_
0;1-v;|_;-ѴѴo11ubm;-1|Ѵ|_;v-l;vblѴ-|ouvķ-vbm7bb7-Ѵ
vr;1b;vbm-m7;-mv-m7blrѴb1b|Ѵbm"|u-|_Ƒķ0|-u;mo|
1om|-bm;7 bm-m Ѵ-u];uv;|o=vr;1b;v=ou_b1_|_bv bv |u;ĺ$_bv
lbmbl-Ѵv;|1omvbv|vo==b;]uorvķ_b1_;bѴѴlo7;Ѵ;rѴb1b|Ѵĺ
$_;]uorv-u;-v=oѴѴovĹ
limk→∞ E(휸i+z
(t+k)
i |휸i+z
(t)
i )=휸i+ limk→∞ E(z
(t+k)
i |z
(t)
i )
=휸i+E(z
(t)
i )
=휸i.
y(t)−흁(t)=휹+휼(t).
ŐƑő휼(t)=R
휂
휼
(t−1)
+흐
휂,t,
limk→∞ E(휹+휼
(t+k)|휹+휼(t))=휹+ limk→∞ E(휼
(t+k)|휼(t))
=휹+E(휼(t))
=휹.
y(t)=y(t−1)+흐Λ,t,
w(t)= fy(y
(t))
w(t)=Myy
(t)
ƐƏƒѵՊ|ՊՊՍ SPENCE ET AL.
1. Common demersalĹ $_;v; -u; |Ѵ-m|b1 1o7 ŐGadus morhuaķ
-7b7-;őķ_-77o1hŐMelanogrammus aeglefinusķ-7b7-;őķ_b|bm]
ŐMerlangius merlangusķ -7b7-;őķ ou- ro| ŐTrisopterus es-
markiiķ -7b7-;őķ uor;-m rѴ-b1; ŐPleuronectes platessaķ
Ѵ;uom;1|b7-;őķ1ollom7-0ŐLimanda limandaķѴ;uom;1|b7-;ő
-m7 ]u; ]um-u7 ŐEutrigla gurnardusķ $ub]Ѵb7-;őĺ
2. SoleĹ$_bvbv1ollomvoѴ;ŐSolea soleaķ"oѴ;b7-;őĺ
3. Monkfish etc.Ĺ$_;v;-u;lomh=bv_ŐLophius piscatoriusķor_bb7-;őķ
ŔѴom] uo]_ 7-0ŕ ŐHippoglossoides platessoidesķ Ѵ;uom;1|b7-;őķ
ŔѴ;lom voѴ;ŕ ŐMicrostomus kittķ Ѵ;uom;1|b7-;ő -m7 Ŕb|1_ŕ
ŐGlyptocephalus cynoglossusķѴ;uom;1|b7-;őĺ
4. Poor Cod and RaysĹ $_;v; -u; roou 1o7 ŐTrisopterus minutusķ
-7b7-;őķv|-uuu-vŐAmblyraja radiataķ!-fb7-;ő-m711hoou-v
ŐLeucoraja naevusķ!-fb7-;őĺ
5. Other demersal fishĹ$_bv1omvbv|vo=-ѴѴo|_;u7;l;uv-Ѵ=bv_ĺ
);1omvb7;u|_;|o|-Ѵ0bol-vv7;mvb|b;v=ou;-1_o=|_;v;]uorvķ
bm|omm;vr;uvt-u;hbѴol;|u;ķlo7;ѴѴ;7om|_;Ѵo]v1-Ѵ;Ő|o0-v;ƐƏķ
=ou;-v;o=bm|;uru;|-|bomőĺ
ƒĺƑՊ|Պ	-|--m7;Ѵ;l;m|vo=|_;v|-|bv|b1-Ѵlo7;Ѵ
$_; $"7-|-;u;;|u-1|;7 -v bmm]ķ -umvou|_ķ!;b7ķ -m7
!ovv0;u]ŐƑƏƐƑőķ|ou;;-Ѵ|_;|o|-Ѵ1-|1_om|_;vu;=ou;-1_
o= |_; =b; ]uorv =ou |_; =buv| ŐƐƖѶѵŋƑƏƐƒő -m7 |_bu7 t-u|;u
ŐƐƖƖƐŋƑƏƐƒőĺo |_bv -Ѵ; u;Ѵ-|;v |o |_; |u;0bol-vv 7;mvb|
bm |_;ou|_";- bv mo| |ubb-Ѵķ -m7 |_;v; -Ѵ;v -u;o=|;mlѴ|b-
rѴb;701-|1_-0bѴb|1o;==b1b;m|vŐ)-Ѵh;uķ-;ѴѴķ; ;vm;ķş
;mmbm]vķƑƏƐƕőķ_b1_-u;|_;lv;Ѵ;vm1;u|-bm-m7lo7;ѴŊ0-v;7ĺ
m|_bv;-lrѴ;ķ;-u;omѴbm|;u;v|;7bm|_;0bol-vv7;mvb|u;Ѵ--
|b;|oƑƏƐƏķ-m7|_;u;=ou;ķ|_;|o|-Ѵ1-|1_=uol|_;$"vu;
bv ;mo]_ ruob7;7; -vvl; |_-| 1-|1_-0bѴb| 1o;==b1b;m|v -u;
1omv|-m|o;u|bl;ĺ$_vķ;-1_;Ѵ;l;m|o=ytu;ru;v;m|v|_;Ѵo]|o
0-v;ƐƏo=|_;|o|-Ѵ0bol-vvŐ|omm;vr;uhbѴol;|u;vt-u;7ő=ouom;
o=ou ]uorvo= vr;1b;vķ -;u-];7o;u ;-u t ķ u;Ѵ-|b; |oƑƏƐƏĺ
$_;u;=ou;ķ
$_;l;-vu;l;m|;uuouom|_;o0v;u-|bomvo=|_;|u|_bv-vvl;7
|o0;moul-ѴѴ7bv|ub0|;7om|_;log10v1-Ѵ;v1_|_-|
 for t≠2010ĺm|_bvouhķ;|-h;Σy|o0;ƑѴo]10ŐƐĺƐƔőom|_;7b-]o-
m-Ѵ;Ѵ;l;m|v-m7Əom|_;o==Ŋ7b-]om-Ѵ;Ѵ;l;m|vĺ$_bv-v1_ov;mvo
|_-|b|l;-mv|_-||_;v|-m7-u77;b-|bomo=|_;|u;0bol-vvoѴ7
0;ƐƔѷo=|_;-1|-Ѵ-lom|1-]_|ĺ
ƒĺƒՊ|Պ"blѴ-|ouv
);_-;o|r|v=uol=b;7b==;u;m|vblѴ-|ouv-ѴѴo=_b1__-;0;;m
umb|_;uo=bv_bm]ru;vvu;=uolƑƏƐƓom-u7vĺv_ou|vll-u
o= |_;vblѴ-|ouvķ |_;buo|r|vb|_u;vr;1||o|_bv1-v;v|7-m7
|_;buvblѴ-|ouŊvr;1b=b1=m1|bomķfi( ⋅ )ķ1-m0;=om7bm$-0Ѵ;Ƒĺ$_;i|_
vblѴ-|ouĽvo|r|bv-vvl;7|o0;moul-ѴѴ7bv|ub0|;7om|_;log10 
v1-Ѵ;ķ
b|_Σi =b||;70-v;7om ummbm] vblѴ-|ou i l-m |bl;v Ő_-m7Ѵ;uķ
ƑƏƐƒĸ;b|_ş_-m7Ѵ;uķƑƏƐƏőĺo;;uķb=|_bv-vmo||_;1-v;ķΣi 
1oѴ70;;v|bl-|;7b|_bm|_;_b;u-u1_b1-Ѵvv|;lĺ
ƒĺƓՊ|Պmv;l0Ѵ;lo7;Ѵ
-1_;Ѵ;l;m|o=x(t)
i
bv|_;ľ0;v|];vvĿo=vblѴ-|oui o=|_;;Ѵ;l;m|vo=
y(t)ķ=out=1968,… ,2100ķbmѴo]Ő0-v;ƐƏő|omm;vr;uhlvt-u;7o=;|
0bol-vvĺm|_bv;-lrѴ;ķ;;r;1|;-1_o=|_;vblѴ-|ouv|o1om;u];
|ob|vomv|;-7v|-|;ķ]b;m|_-|-ѴѴ;|;um-Ѵ7ub;uv-u;1omv|-m|ĺ$_bv
l;-mv|_-|bmt-|bomƑ;;r;1|Ri|o|;m7|o-u7vƐ-m7Λi|o|;m7
|o-u7vƏĺu|_;ulou;ķb=-vblѴ-|ouu;-1_;v-v|-|bom-uv|-|;0;=ou;
b|_-vv|orr;7ummbm]ķ|_;m;hmo|_-|b|bѴѴ0;bm|_-|v|-|;=ou;;uĺ
"blѴ-|oui Ľvbm7bb7-Ѵ7bv1u;r-m1ķ휸i+z(t)i ķbv|_vlo7;ѴѴ;7-v
 and 
 where 
 and 
$_bvbvv-bm]|_-|ķ-=|;u|_;;m7o==bv_bm]ķ|_;-ub-m1;o=|_;|u|_o=
model i u;71;v-m7|_;-lom||_-||_;Ѵ-v|-Ѵ;o=z(t)
i
u;Ѵ-|;v|o|_;
m;|lo;v|o-u7vƐ0-=-1|ouo=exp (ki);-1_;-uĺ);|-h;ki∈ [0,6]ķ 
-v|_;u;bvmo|l1_7b==;u;m1;ml;ub1-ѴѴb=ki]o;v-0o;ѵķb|_
$_;7b-]om-Ѵ;Ѵ;l;m|vo=Ri=-ѴѴ0;|;;m−1-m7Ɛb|_
-m7 |_; o==Ŋ7b-]om-Ѵ ;Ѵ;l;m|v -u; v;| |o Əĺ $_; vblѴ-|ouŊvr;1b=b1
-ub-m1;r-u-l;|;uķΛiķbv7;1olrov;7bm|o-7b-]om-Ѵl-|ubo=-ub-
-m1;vķΠiķ-m7-1ouu;Ѵ-|boml-|ubķPiķv1_|_-|
$_;=oulo=|_;rubou7bv|ub0|bom=ou|_; j|_7b-]om-Ѵ;Ѵ;l;m|o=
Πi-v
	bv|ub0|bomvo;u1ouu;Ѵ-|boml-|ub1;v-u;1olrѴb1-|;70|_;l-|_-
;l-|b1-Ѵu;tbu;l;m|o=rovb|b;7;=bmb|;m;vvĺmru-1|b1;ķ;vr;1b=
v;r-u-|;rubouvom|_;;Ѵ;l;m|vķ-m7|_;m1om7b|bomomrovb|b;7;=b-
mb|;m;vvĸ|_;m1om7b|bom-Ѵrubou=ou|_;j,k|_;Ѵ;l;m|o=Pibv]b;m0
w(t)= fy(y
(t))=10y
(t)
.
log10
(
ŵ
(t)
∕ŵ
(2010)
)
∼N(y(t),Σy),
log10u
(t)
i ∼N( log10 û
(t)
i ,Σi)
휸i∼N(0,C)
z
(t)
i ∼
{
N(Riz
(t−1)
i ,Λi) if t≤2013,
N(hz(Ri,ki,t)z
t−1
i
,h
Λ
(t,ki)Λi) if 2014≥ t.
hz(Ri,k,t)=Ri+ (1−Ri)(1−hΛ(t,ki))
h
Λ(t,ki)
=exp{−ki
(
t−2013
)
}.
ki∕6∼Beta(ak,bk).
Ri+1
2
∼Beta(aR,bR)
ŐƒőΛi=ΠiPiΠi.
휋ij∼Gamma(훼휋,j,훽휋,j).
휌ijk+1
2
∼
{
Beta(a
휌jk,b휌jk) if j≠k,
1 otherwise.
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$_;7b==;u;m1;0;|;;m|_;|u|_-||bl;t-m7|_;1ouu;vrom7bm]
vblѴ-|ou1omv;mvvķ흁(t)ķbv|_;m
b|_
)_;m|_;=bv_bm]bv|um;7o==ķ;-u;r-u|b1Ѵ-uѴm1;u|-bm-0o|
_-|bѴѴ_-rr;mĸ|_v;bѴѴu;lo;-m7bu;1|u;Ѵ-|bom0;|;;myt 
and yt+10;om7|_-||bl;ĺ);bѴѴv-|_-|
 where k
휇
∈ [0,6]ķvo|_-||_;vblѴ-|ou1omv;mvvu;-1_;v-v|-|bom-
-urobm|ķ-v|_;bm7bb7-ѴvblѴ-|ouv7oĺ
);=o1vom|_;v0f;1|b;ruo0-0bѴb|b;vo=-r-u|b1Ѵ-ubm7bb7-
-Ѵķbm|_bv1-v;ĺ;urubou0;Ѵb;=v;u;;Ѵb1b|;7vbm]|_;l;|_o7
7;v1ub0;7bmĽ-]-m;|-ѴĺŐƑƏƏѵő-m7Ѵ_vv-bm-m7-hѴ;ŐƑƏƐƕőĺ
	;|-bѴvo=|_;rubou;Ѵb1b|-|bom1-m0;=om7bm"rrou|bm]bm=oul--
|bomrr;m7bĺ	;|o|_;7bl;mvbom-Ѵb|-m71ouu;Ѵ-|bomo= |_;
m1;u|-bm r-u-l;|;u vr-1;ķ ; =b||;7 |_;lo7;Ѵ vbm] o &Ŋ|um
-lbѴ|omb-mom|;-uѴoŐo==l-mş;Ѵl-mķƑƏƐƓőbm|_;r-1h-];
"|-mŐ;Ѵl-mķ;;ķşoķƑƏƐƔőĺ
ƒĺƔՊ|Պ!;vѴ|v
$_;;mv;l0Ѵ;lo7;Ѵru;7b1|bomv v_o1_-m];v bm |_;m1;u|-bm|
o= u;Ѵ-|b; 0bol-vvo;u |bl; =ou ;-1_ ]uoro= vr;1b;vķ bm1Ѵ7bm]
ruof;1|bomv=oѴѴobm]-=bv_bm]1Ѵovu;bmƑƏƐƓŐb]u;Ƒőĺ-1_rѴo|
v_ov|_;l-u]bm-Ѵrov|;ubou7bv|ub0|bomvo=;-1_;Ѵ;l;m|o=y(t)ķ=ou
all tĺ&mvurubvbm]Ѵķ |_; ;mv;l0Ѵ;lo7;Ѵ ru;7b1|v common demer-
sal=bv_bm1u;-v;=oѴѴobm]|_;=bv_;u1Ѵovu;ķ-v|_bv]uor1om|-bmv
l-mvr;1b;v|-u];|;70=bv_;ub;vĺ
(
y(t)
)
−
(
흁(t)−흁(2010)
)
=휼(t)+휹
ŐƓő휼(t)∼N(R
휂
휼
(t−1),Δ
휂
).
ŐƔő흁(t)∼N(흁(t−1),h
Λ
(t,k
휇
)Δ
휇
)
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|_;rr;u-m7Ѵo;ut-u|bѴ;vĺ$_;=buv|;u|b1-ѴѴbm;bv-|ƐƖѶѵķ|_;;-u|_-|;=buv|_-;7-|-ķ-m7|_;v;1om7Ѵbm;bvbmƑƏƐƒķ|_;vblѴ-|;7
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ƐƏƒѶՊ|ՊՊՍ SPENCE ET AL.
11ou7bm]|o|_;;mv;l0Ѵ;lo7;Ѵ|_;ruo0-0bѴb||_-||_;u;bѴѴ
0;-]u;-|;u|o|-Ѵ0bol-vvo=common demersalbmƑƏƔƏ|_-mbmƑƏƐƏ
bvƏĺƖƏĺ$_;u;bv-vblbѴ-uml0;u=ousoleŐƏĺƖƒő-m7=oumonkfish etc. 
ŐƏĺѶѶő0| b| bv Ѵo;u =oupoor cod and rays ŐƏĺƔƔő-m7 =ou |_;other 
demersalvr;1b;vŐƏĺƐƕőĺ
$_; ;mv;l0Ѵ; lo7;Ѵ -Ѵvo ľru;7b1|vĿ _-| _-rr;m;7 0;=ou;
|_;7-|-ĸ |_-| bvķ b| ]b;vrov|;ubou7bv|ub0|bomv =ou |_;-1|-Ѵ-Ѵ-
;v]b;m|_;blr;u=;1|7-|--m7|_;vblѴ-|ouumvĺmѴsole and 
common demersal-u;o|r|0vblѴ-|ouvrubou|oƐƖѶѵ-m7|_bvbv
u;=Ѵ;1|;7 bm |_; bm1u;-v;7m1;u|-bm|-v;lo; =u|_;u0-1h bm
|bl;=uolƐƖѶѵĺ
$_;m1;u|-bm|bm|_;ru;7b1|bombm1u;-v;v|_;=u|_;u--=uol
|_;o0v;u-|bomvo= |_;|u|_ķ0o|__;mruof;1|bm]-m7_bm71-v|-
bm]ĺ$_;m1;u|-bm|-Ѵvobm1u;-v;v_;m|_;u;-u;=;;uvblѴ-|ouv
|_-|]b;o|r|vĺѴѴo=|_;vblѴ-|ouv]b;o|r|v=ou|_;common 
demersal]uorķ=ou;rѴb1b|Ѵ-m7om;blrѴb1b|Ѵķ-m7|_;u;=ou;;
-u;lou;1;u|-bm-0o|_-|bѴѴ_-rr;m|ob|bm|_;=|u;|_-m=ou
poor cod and raysķ_;u;omѴ|_u;;vblѴ-|ouvru;7b1|-Ѵ;v=ou|_;
=|u;-m7omѴom;;rѴb1b|Ѵĺ$_;m1;u|-bm|bv_b]_;v|=ouother de-
mersalvr;1b;vĺ$_bvbvm7;uv|-m7-0Ѵ;-vomѴ|ovblѴ-|ouvru;7b1|
-Ѵ;v=ou|_bv]uoro=vr;1b;vķm;b|_;uo=_b1_7o;vvo;rѴb1b|Ѵĺ
$_; -0voѴ|; |o|-Ѵ 0bol-vv o= 7;l;uv-Ѵ vr;1b;v bv 7b==b1Ѵ| |o
1-Ѵ1Ѵ-|;_;u;b|_o|bm=oul-|bomom|_;7bv1u;r-m10;|;;m|_;
vblѴ-|ou1omv;mvv-m7|_;|u|_ĺѴ|_o]_vu;7-|--u;--bѴ-
-0Ѵ;ķ|_;buu;Ѵ-|bomv_brb|_|_;|u|_7;r;m7vom|_;-ubm]ķ-m7
mhmomķ1-|1_-0bѴb|1o;==b1b;m|v=ou;-1_o=|_;]uorvĺѴ|_o]_
1-|1_-0bѴb|b;v1-m0;;v|bl-|;7ķ=ouvblrѴb1b|_;u;;;-lbm;|_;
|o|-Ѵ7;l;uv-Ѵ0bol-vvm7;u |_;-vvlr|bom |_-| |_;]uorv_-7
|_; v-l; 1-|1_-0bѴb| 1o;==b1b;m|v Őb]u;ƒőĺ ]-bm |_;u; bv _b]_
m1;u|-bm| -0o| _;|_;u |_; 0bol-vv bѴѴ ]uo u;Ѵ-|b; |o |_;
0bol-vv bm ƑƏƐƏĺo;;uķ_-| b|-v 0;=ou; ƐƖѶѵ bv -Ѵvo tb|;
m1;u|-bmĺ$_bv bv0;1-v;o=|_;m1;u|-bm| bm|_;rorѴ-|bomvo=
Other demersal species.
$_;l;7b-mľ0;v|];vvĿo=;-1_o= |_;vblѴ-|ouv1-m-Ѵvo0;
1olr-u;7-1uovv|_;7b==;u;m|vblѴ-|ouvŐb]u;Ɠőĺ"|u-|_Ƒru;-
7b1|vtb|;-Ѵ-u];bm1u;-v;bmcommon demersal7;vrb|;mo|;rѴb1b|Ѵ
o|r||bm] b|ĺb;u7o;vmo|7o-;u]oo7 fo0o=ru;7b1|bm]|_;
7m-lb1vo=soleķ|_;u;=ou;|_;7m-lb1vo=|_;vblѴ-|ou1omv;mvv
7omo|l-|1_|_;7m-lb1vo=lb;uĺ
$_;rov|;ubouru;7b1|b;7bv|ub0|bom=ou|_;u;Ѵ-|b;|u|_bmƑƏƑƔ
for common demersal and monkfish etc.-u;rovb|b;Ѵ1ouu;Ѵ-|;7b|_
;-1_o|_;u ŐƏĺƑѶőķ-Ѵ0;b|;-hѴĺ$_bvv]];v|v|_-| Ѵ;-umbm]vol;-
|_bm]-0o| |_;common demersal ]uoroѴ7 |;ѴѴ ovol;|_bm]
-0o|monkfish etcĺ;m1;|_;lb;uvblѴ-|ou]b;vvol;bm=oul--
|bom u;]-u7bm] |_;monkfish etc. 7;vrb|; mo| -1|-ѴѴ ru;7b1|bm] b|ĺ
";;"rrou|bm] bm=oul-|bomrr;m7b	=ou |_;o|_;u1ouu;Ѵ-|bomv
0;|;;m|_;]uorvĺ
ƓՊ |Պ	"&""
|u;-|bm]|_;vblѴ-|ouo|r|v-v1olbm]=uol-rorѴ-|bomo=vbl-
Ѵ-|ouv-m7lo7;ѴѴbm]|_bvrorѴ-|bomķ;_-;ru;v;m|;7bm|_bvv|7
-];m;u-Ѵ-o=1ol0bmbm];1ovv|;lvblѴ-|ouv|obm=oulv1b;m|bv|v
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ՊՍՊ |ՊƐƏƒƖSPENCE ET AL.
-m77;1bvbomŊl-h;uv-0o||_;1omv;t;m1;vo=l-m-];l;m|v|u-|;-
]b;vĺulo7;Ѵ1ol0bm;vl-m7b==;u;m|vblѴ-|ouvķ;rѴob|bm]|_;bu
v|u;m]|_v-m77bv1om|bm]|_;bu;-hm;vv;vŐ_-m7Ѵ;uķƑƏƐƒő|oruob7;
vm|_;|b1-m71olru;_;mvb;bm=oul-|bom|ovrrou|7;1bvboml-hbm]ĺ
ƓĺƐՊ|Պ;m;u-Ѵlo7;Ѵ=;-|u;v
m;o=|_;7b==b1Ѵ|b;vbm0bѴ7bm]-m;mv;l0Ѵ;lo7;Ѵb|_;1ovv|;l
vblѴ-|ouv bv |_-| |_; vblѴ-|ou o|r|v -u; o=|;m 7om; om 7b==;u;m|
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